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Fast Photochemical Oxidation of Proteins (FPOP) for the Characteriza-
tion of Macromolecules
Lisa M. Jones.
Chemistry and Chemical Biology, Indiana University-Purdue University
Indianapolis, Indianapolis, IN, USA.
Structural analysis of macromolecular complexes (e.g., antibody-antigen com-
plexes and viruses) is hampered owing to their size and complexity. High res-
olution biophysical methods for structural analysis are not applicable to
proteins that have a high molecular mass. In order to analyze these large struc-
tures, methods based on mass spectrometry (MS) can be employed. MS-based
methods are advantageous because they are not limited by size and require only
microgram quantities of protein. Footprinting methods coupled with MS are a
powerful tool for studying higher order structure of proteins. These methods
can be used to moniter protein conformational changes and identify protein-
protein and protein-ligand interaction sites. The protein footprinting method
fast photochemical oxidation of proteins (FPOP), a radical footprinting
approach, utilizes hydroxyl radicals to oxidize solvent-exposed residues on a
short time scale. The irreversible label of FPOP has several advantages
including the ability to purify proteins after labelling. Here we report the effi-
cacy of FPOP for studying protein conformational differences and identifying
protein-interactions in large complexes.
2-Subg
Protein Hydrogen Exchange Measured by Mass Spectrometry
S. Walter Englander.
Biochem/Biophys, University of Pennsylvania, Philadelphia, PA, USA.
Newly advanced hydrogen exchange - mass spectrometry technology provides
a uniquely powerful method for the study of protein properties - structure,
change, interactions, dynamics, and energetics, at amino acid resolution, and
how this limited biophysical repertoire is used to produce myriad protein func-
tions. This talk will present an introduction to the method with examples of
recent applications.
3-Subg
Protein Folding and Binding Characterized by Mass Spectrometry
Lars Konermann, Siavash Vahidi, Modupeola A. Sowole.
University of Western Ontario, London, ON, Canada.
This presentation will illustrate how the combination of solution phase labeling
with mass spectrometry (MS) can elucidate mechanistic aspects of protein
behavior. We will focus on two ongoing projects in our laboratory. (A) The
initial (submillisecond) stages of protein folding represent a formidable exper-
imental challenge. We have begun to address this issue by using submillisecond
mixing with laser-induced oxidative labeling. Apomyoglobin (aMb) serves as a
model system for these measurements. Exposure of the protein to a brief pulse
of hydroxyl radical (OH) at different time points during folding introduces co-
valent modifications at solvent accessible side chains. The extent of labeling is
monitored using MS-based peptide mapping, providing spatially-resolved mea-
surements of changes in solvent accessibility. The technique introduced here is
capable of providing in-depth structural information on time scales that have
thus far been dominated by low resolution spectroscopic probes. (B) The bac-
terial protease ClpP is a multi-subunit complex with a central degradation
chamber that can be accessed via axial pores. In free ClpP these pores are ob-
structed. Acyldepsipeptides (ADEPs) are antibacterial compounds that bind
ClpP and cause the pores to open up. The ensuing uncontrolled degradation
of intracellular proteins is responsible for the antibiotic activity of ADEPs.
We use hydrogen/deuterium exchange MS to obtain insights into the ClpP
behavior with and without ADEP1. Our data point to a mechanism where the
pore opening mechanism is mediated primarily by changes in the packing of
N-terminal nonpolar side chains. We propose that a ‘‘hydrophobic plug’’ causes
pore blockage in ligand-free ClpP. ADEP1 binding provides new hydrophobic
anchor points that nonpolar N-terminal residues can interact with. In this way
ADEP1 triggers the transition to an open conformation, where nonpolar moi-
eties are clustered around the rim of the pore.
4-Subg
Native Mass Spectrometry for Structural Biophysics
Justin L.P. Benesch.
University of Oxford, Oxford, United Kingdom.
We use a combination of mass spectrometry (MS) based approaches to interro-
gate directly the quaternary structure and dynamics of proteins in the 100 kDa
to 1 MDa range, intact in vacuum [1]. Of particular interest to us are the small
heat-shock protein molecular chaperones, which are responsible for ensuringproteins reach and maintain their native fold in the cell [2]. Their study however
is often hampered however due to their frequent heterogeneity and motions at
equilibrium.
MS and tandem MS enable us to identify and quantify the relative abundances
of different protein stoichiometries present in solution, while real-time experi-
ments allow the extraction of quaternary fluctuations. This leads us to obtain
equilibrium and rate constants for the underlying protein-protein and protein-
ligand interactions. Concurrently, ion mobility (IM) MS measurements provide
information as to the physical size of the proteins. Together with information
from other sources, these experiments therefore provide powerful restraints
in modeling the structures of protein assemblies that are difficult and time-
consuming to study by means of conventional structural biology approaches.
[1] Benesch, J.L.P., Ruotolo, B.T. ‘‘Mass spectrometry: come of age for struc-
tural and dynamical biology’’ Current Opinion in Structural Biology (2011),
21, 641-9
[2] Hilton, G., Lioe, H., Stengel, F., Baldwin, A.J., Benesch, J.L.P. ‘‘Small
heat-shock proteins: paramedics of the cell’’ Topics in Current Chemistry,
(2012), 328, 69-98
5-Subg
A Novel Soft Ionization Process and Applications in Imaging Mass Spec-
trometry
Lorelie Imperial1, Sashiprabha M. Vithanarachchi1, James Wager-Miller2,
Ken Mackie2, Matthew J. Allen1, Sarah Trimpin1.
1Wayne State University, n/a, MI, USA, 2Indiana University, n/a, IN, USA.
Amotivation of our research is to make inroads in the daunting task of chemical
analysis of the brain’s composition and temporal changes. We recently intro-
duced a new soft ionization process for use in mass spectrometry (MS). This
new technique called laserspray ionization (LSI) has advantages of speed of
analysis, high spatial resolution for imaging, mass range extension, and
improved fragmentation common with multiply charged ions. We have inter-
faced LSI with ion mobility spectrometry (IMS) for separation of gas phase
ions from mixtures by charge and cross-section (size/shape) and, in a second
dimension, with high resolving power by mass-to-charge permitting powerful
deconvolution of sample complexity, even with identical masses (isomers),
directly from surfaces. LSI interfaced with mass spectrometers having electron
transfer dissociation (ETD) capabilities produces similar backbone fragmenta-
tion as ESI as demonstrated for the protein ubiquitin as well as for peptides
directly from tissue. We have extended LSI to vacuum mass spectrometers
and determined that ionization occurs with vacuum or thermal assistance
without the need of voltage or lasers. LSI imaging of mouse brain tissue sec-
tions is demonstrated to determine the location of gadolinium-based complexes
synthesized for use as magnetic resonance imaging (MRI) agents. Conventional
MALDI failed. The LSI images are complemented by MRI and microscopy re-
sults of the samemouse brain and, additionally, provide a molecular view of the
endogenous chemical composition. MS images of mouse brain tissue from a
clozapine treated mouse are compared with results obtained for endogenous
lipids, peptides and small proteins in the same tissue. Protocols are being devel-
oped for high spatial resolution LSI imaging.
6-Subg
Tissue Shotgun Proteomics: Applications to the Clinical Laboratory
Surendra Dasari1, Jason D. Theis2, Julie A. Vrana2, Ahmet Dogan3,
Paul J. Kurtin2.
1Health Sciences Research, Mayo Clinic, Rochester, MN, USA, 2Laboratory
Medicine and Pathology, Mayo Clinic, Rochester, MN, USA, 3Pathology and
Laboratory Medicine, Memorial Sloan-Kettering Cancer Center, New York,
NY, USA.
Shotgun proteomics method starts by digesting the proteins into peptides. The
peptide mixture is subjected to tandem mass spectrometry. Peptides and pro-
teins are identified from the resulting tandem mass spectra using database
search software. This technology has matured in the research laboratories
and is poised to enter clinical laboratories. However, the road to this transition
is sprinkled with major technical unknowns like long-term stability of the plat-
form, reproducibility of the technology and clinical utility over traditional
antibody-based platforms. Further, regulatory bodies that oversee the clinical
laboratory operations are unfamiliar with this new technology. As a result,
diagnostic laboratories have avoided using shotgun proteomics for routine
diagnostics.
In this presentation, we describe the clinical implementation of a shotgun pro-
teomics assay for amyloid subtyping, with a special emphasis on standardizing
the platform for better quality control and earning clinical acceptance. This
assay is the first shotgun proteomics assay to receive regulatory approval for
patient care. Implementation of this assay in a CAP/CLIA clinical laboratory
has transformed the amyloidosis standard of care at the Mayo Clinic and across
2a Saturday, February 15, 2014the country. We utilized this assay to identify 20 different amyloid subtypes
distributed among 4167 patients, allowing for confident individualized treat-
ment. Data mining these clinical amyloid proteomes revealed surprising new
insights in to the clinical biology of amyloidosis. We identified a universal pro-
teomic signature (APOE, SAP and APOA4) that can more sensitively detect
amyloid laden tissues when compared to traditional Congo red staining of fat
aspirate specimens. We also detected amino acid sequence abnormalities that
are associated with hereditary amyloidosis syndromes. In summary, amyloid-
osis patient care was optimized based on accurate determination of the amyloid
type using tissue shotgun proteomics technology.
Subgroup: Membrane Structure & Assembly
7-Subg
Protein Gymnastics in Thelipid Bilayer: Lipides as Determinants of Pro-
tein Structure
William Dowhan1, Mikhail Bogdanov2, Heidi Vitrac2.
1Biochemistry and Molecular Biology, University of Texas Medical School
at Houston, Houston, TX, USA, 2University of Texas Medical School at
Houston, Houston, TX, USA.
Theorientation of transmembranedomains of polytopicmembrane proteinswith
respect to the plane of the lipid bilayer is determined by a complex interplay be-
tween topogenic signals residing within the protein sequence, interaction of the
protein with the translocon membrane insertion machinery, short-range and
long-range interactions within the protein and the final environment of the pro-
tein largely determined bymembrane lipid composition. Systematic alteration of
lipid composition at steady state or dynamically after membrane protein assem-
bly uncovered a role for lipid-protein interactions in determining initial mem-
brane protein topogenesis as well as in dynamic topological re-organization
after initial protein folding. Alteration of the charges within protein extramem-
brane domains coupledwith changes in lipid composition demonstrated a syner-
gistic and reciprocal relationship between protein and lipid charges in
determining orientation of transmembrane domains. These results led to the
Charge Balance Hypothesis, which posits that protein topogenic signals are de-
coded in accordance with positive-inside rule initially by the translocon but
finally interpreted by electrostatic interactions between protein extramembrane
domains and themembrane surface charge as determined by the collectivemem-
brane lipid head group composition. The steady state and dynamic nature of
membrane protein organization observed in whole cells, as a function of the
ChargeBalanceHypothesis, has been faithfully reproducedwithmembrane pro-
teins reconstituted in proteoliposomes thus establishing that such initial and
dynamic protein organization is dependent solely on direct lipid-protein interac-
tions independent of other cellular factors. Therefore, membrane protein topo-
logical organization can be viewed as highly dynamic rather than stable and
static. The dynamic view of protein topological organization as influenced by
the membrane lipid environment reveals previously unrecognized possibilities
for cellular regulation and understanding of disease states resulting from mis-
folded membrane proteins. Supported in part by NIH grant R37-GM20478.
8-Subg
How Lipids Mediate Pten Tumor Suppressor Function
Arne Gericke.
Chemistry and Biochemistry, Worcester Polytechnic Institute, Worcester,
MA, USA.
Phosphatase and tensin homologue deleted on chromosome 10 (PTEN) is an
important regulator of the PI 3-kinase signaling pathway. Mutation or deletion
of one copy of this protein results in a tumorigenic state and PTEN has been
identified as the second most important human tumor suppressor, rivaled
only by p53. Not surprisingly, PTEN function is tightly regulated at the post-
translational level as well as through interactions with lipids and other proteins.
We have shown that PTEN binds synergistically to phosphatidylinositol-4,5-
bisphosphate (PI(4,5)P2) and phosphatidylserine (PS), which leads to mem-
brane association and allosteric activation. In this talk we will present
molecular details about the interaction of PI(4,5)P2 with PTEN’s N-terminal
end as well as the interaction of PS with PTEN’s C2 domain. In addition, we
will discuss how PTEN function is affected by the lateral distribution of phos-
phoinositide lipids.
9-Subg
New Insights into Mitochondrial Permeabilization in Apoptosis
Ana J. Garcia-Saez, PhD.
Biotechnologisches Zentrum, University of Tu¨bingen, Tu¨bingen, Germany.
Mitochondria undergo dramatic changes during apoptosis, which include
extensive fragmentation and the permeabilization of the outer mitochondrial
membrane, which is considered a point of no return in the cell’s commitmentto die. These alterations are controlled by the proteins of the Bcl-2 family in
collaboration with the mitochondrial machinery for fission and fusion. Despite
their central role, the molecular mechanisms involved remain poorly under-
stood. To tackle these problems, we have used a combination of advanced
microscopy methods in cells and in reconstituted systems. Here we present
our results with Bax, a proapoptotic protein of the Bcl-2 family involed in mito-
chondrial permeabilization, and Drp1, a
dynamin-like protein responsible for mito-
chondrial division. Studies with Giant Uni-
lamellar Vesicles show that Bax forms
stable, large membrane openings, which
are affected by other Bcl-2 proteins and
by Dpr1. Interestingly, Drp1 has a strong
effect on the organization of the mem-
brane. Using single molecule microscopy,
we have analyzed the stoichiometry of
Bax oligomers in the lipid bilayer. Finally,
the analysis of Bax organization at the
nanoscale by superresolution microscopy
in cells undergoing apoptosis reveals strik-
ing structures that seem to play a role in the
mitochondrial alterations in apoptosis.10-Subg
Effects of Phosphoinositides and their Derivatives on Endomembrane
Morphology and Function
Banafshe Larijani.




Molecular Basis of the Assembly and Budding of the Ebola Virus from the
Plasma Membrane of Human Cells
Robert V. Stahelin, Ph.D1,2.
1Biochemistry and Molecular Biology, Indiana University School of
Medicine-South Bend, South Bend, IN, USA, 2Chemistry and Biochemistry,
University of Notre Dame, Notre Dame, IN, USA.
Lipid enveloped viruses replicate and bud from the host cell where they acquire
their lipid coat. The Ebola virus, which buds from the plasma membrane of the
host cell causes viral hemorrhagic fever and has a high fatality rate. To date lit-
tle is known about how the plasma membrane mediates budding and egress of
the Ebola virus. My lab is investigating the molecular basis of the plasma mem-
brane assembly, budding and egress of this virus, which is regulated by the
matrix protein, VP40. We use biochemical and biophysical tools along with
cellular imaging and viral replication assays to investigate how VP40 interacts
with the plasma membrane of human cells to regulate viral replication. This
presentation will outline the molecular basis of VP40 association with plasma
membrane lipids and how lipid-protein interactions regulate VP40 oligomeri-
zation and plasma membrane bending. Furthermore, VP40 plasma membrane
binding displays sensitivity to the lipid composition in the plasma membrane,
which can be altered to inhibit Ebola assembly and egress.
12-Subg
Vesicles in Electric Fields
Rumiana Dimova.
Theory & Bio-Systems, Max Planck Institute of Colloids and Interfaces,
Potsdam, Germany.
Giant vesicles provide exceptional biomembrane models for systematic studies
on the effect of electric fields because the membrane response can be directly
visualized under the microscope (1-3). In AC fields, the dependence of the
vesicle morphology on both field frequency and media conductivity has been
characterized recently (3, 4). The theoretical models for the observed morpho-
logical transitions (5, 6) predict the dependence of the frequency of the prolate-
oblate transition on the vesicle size. We used this prediction to develop a
method for measuring the membrane capacitance (7). At a fixed field frequency
and increasing field strength, the degree of vesicle deformation increases and
can be used to deduce the membrane bending rigidity (8). Inhomogeneous
AC fields trigger flows on the membrane surface visualized by domain move-
ment (9). When exposed to strong DC pulses, giant vesicles porate. Using the
dynamics of the pore closure, we developed an approach for measuring the
edge tension and evaluate the membrane stability (10). The response of both
fluid- and gel-phase membranes will be discussed. We also established an elec-
trofusion protocol for creating multicomponent giant vesicles with precisely
known composition and used it to locate tie lines in the region of coexistence
of liquid-ordered and liquid-disordered phases (11).
